Current land administration systems are the product of 19th century economic and land market paradigms and have failed to properly support sustainable development. The need for urgent reform is accepted, but the way forward unclear in many jurisdictions. This paper will discuss current international initiatives and research to develop a new land administration vision to promote sustainable development. Within this context, this paper describes the changing humankind to land relationship, identifies some of the growing environmental pressures facing modern society and the need for sustainable development, explores the evolving role of land administration in society and highlights the need for land administration systems to play a more proactive role in supporting sustainable development objectives. The process to re-engineer land administrations is briefly reviewed. The paper then highlights the development of a national land administration vision and strategy. In proposing strategies the paper draws on international trends and experiences such as highlighted in the recent United Nations -International Federation of Surveyors Declaration on Land Administration for Sustainable Development.
{heading 1}Introduction
Land, and the interaction of human societies with it, result in many economic, social, political and environmental concerns. The dialogue between these competing and overlapping concerns requires a land administration system that is able to support the ever changing relationship between humankind and land, to facilitate complex decision making and to support the implementation of those decisions. Therefore, appropriate and effective land administration is of crucial importance for sustainable development.
In recent decades the global drivers of sustainable development, environmental sustainability, globalisation, urbanisation, economic reform and technology have influenced the development of the different land administration polices and models adopted by governments. These models and concepts can only be developed with a clear understanding of current land administration issues and trends. By its very nature, land administration focuses on land tenure and cadastral (land parcel related) issues. The land administration perspective includes understanding the changing humankind-land relationship, private and public property rights, land tenure issues such as native title, institutional and administrative issues such as the relationship between infrastructures and the business systems they support, the design and role of spatial data infrastructures (SDI), and technical issues such as those concerned with the use of the World Wide Web (WWW). Land administration trends have followed a course mapped by dynamic changes in societies and their increasingly complex attitudes to land as personal security, wealth, as an expendable commodity, as a scarce community resource, in support of environmental survival and sustainable development .
Within this context, this paper describes the changing humankind to land relationship, identifies some of the growing environmental pressures facing modern society and the need for sustainable development, explores the evolving role of land administration in society and highlights the need for land administration systems to play a more proactive role in supporting sustainable development objectives. The process to re-engineer land administration systems is briefly reviewed. The paper then highlights the development of a national land administration vision and strategy.
{heading 1}The changing humankind to land relationship
The relationship between humankind and land in almost every society is dynamic, albeit the relationship varies for almost every situation . This continual change can be seen in the context of "Western" land tenure systems in Figure 1 . A review of the dynamic humankind-land relationship shows that in a western context, it may be classified into four broad phases: -Human settlement during the agricultural revolution through to the feudal system, which tied human beings to land in a physical way. Land was the primary symbol and source of wealth. In this phase, the cadastral system's role was to publicly record ownership as well as for fiscal purposes.
-The Industrial Revolution began a process of breaking that strong physical tie to land by turning land into more of a commodity, albeit the most valuable commodity and primary source of capital. In many western countries, the mobility of people and the rise of capital and commodification of land brought by the Industrial Revolution, gave birth to major legal and institutional changes. This environment gave birth to land markets and so cadastre took on another focus -a tool to support land transfer and land markets. The Torrens system of land titling is a good example of the institutional and legal responses to the burgeoning of land markets in the 19th Century.
-The post-World War II reconstruction and the population boom saw an awareness of land as a scarce resource that was not sufficient for the needs of a growing world population which was becoming more mobile. With this came an interest in planning, particularly urban and regional planning. Planning in turn created another application for the cadastre.
-The 1980s have seen a different twist in the concern for the scarcity of land. The focus has turned to wider issues of environmental degradation and sustainable development, as well as social equity. All of these issues have the probable effect of tempering short-term economic imperatives. Planning issues have widened to include more community interests and deepened to address more detailed issues of land use.
This has created a growing need for more complex information about land and land use. The impact of these has been manifested in the desire for multi-purpose cadastres.
The land administration response to these changing phases is shown diagrammatically in 
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Figure 2: Evolution of applications for Casdastre Many developed countries are in the course of making the transition from the third to the fourth phases, while many developing countries are experiencing change across all four phases. Apart from examining local, state or national structures and their associated legal, institutional, economic and social frameworks, the current era requires that nations take into consideration these global drivers.
However for most countries, land administration reform is not that simple. On the one hand the relationship of humankind to land varies across a country from urban areas, with active land markets and often informal settlements, to both titled and non titled rural areas, to areas under traditional or indigenous rights with no land market, to areas under a range of different common property tenures. This then requires different land administration responses for these respective areas [Williamson, 2000] . This is further complicated since countries are at different stages of development thereby affecting the choice of the land administration response. As mentioned above neither of these situations is static; neither the different humankind to land relationships nor the stage of development of the country. So the response proposed today based on current requirements might not be appropriate for tomorrow since the requirements may be different.
In summary the key outcomes from this analysis are that the relationship of humankind to land in almost all societies is dynamic being influenced by these global drivers, and that this changing relationship results in a changing land administration response over time.
{heading 1}Environmental pressures
The above analysis also shows that during the last twenty years there has been a trend towards tempering raw economic priorities with society's growing awareness and preparedness on environmental and social (eg, indigenous rights and issues concerned with women's access to land) priorities. Undoubtedly, the sharpest dialogue during this period is between the economic and environmental forces. People are both the problem and the solution.
In 1992, the historic UN conference in Rio de Janeiro (The Earth Summit) produced Agenda 21 [UN, 1992] , which stated in its preamble that:
"Humanity stands at a defining moment in history. We are confronted with a perpetuation of disparities between and within nations, a worsening of poverty, hunger, ill health and illiteracy, and the continuing deterioration of the ecosystems on which we depend for our well being. However, integration of environment and development concerns and greater attention to them will lead to the fulfillment of basic needs, improved living standards for all, better protected and managed ecosystems and a safer, more prosperous future. No nation can achieve this on its own: but together we can -in a global partnership for sustainable development." Interweaved with these crises are matters of poverty and the north-south divide: a tenfold reduction in resource consumption in industrialised countries is a necessary long-term target if adequate resources are to be released for developing countries.
Ten years on and seven years after the launch of Agenda 21, the joint United Nations and International Federation of Surveyors Bathurst Declaration on Land Administration for Sustainable Development [UN-FIG, 1999; found that the most serious problems facing the relationship between land and people included:
-degradation of land due to unsustainable land use practices; -lack of land for suitable urban development; -lack of security of tenure (which in many societies impacts most severely on women and children); -inequitable access to land by indigenous peoples and minority groups; -access to land by women; -increasing vulnerability to disaster; -destruction of bio-diversity; -lack of adequate planning and of effective land administration; -tensions between environmental conservation and development; and -impact of market forces on traditional economies and tenures.
As the UNEP statistics gravely emphasise, the tensions are sharpening between human behavior and their worsening impact on the environment. This has profound implications for the survival of future generations. It is this dynamic which starts to bring land administration and land management into closer and even overlapping proximity. If these systems do not respond and expand to meet the challenges of society's increasingly complex relationship with land, sustainable development will not move beyond rhetoric.
These tensions emphasise the need for complex and sophisticated decision-making which, in the context of economic reforms, means not only in government but the private sector and wider community. Civil society demands a place in the framework of decisionmaking. The WWW is just one example of the information revolution potential that exists to bring consultation and participation to a new level of effectiveness.
It is in this context that the next generation of land administration systems will have to be developed.
{heading 1}Land administration trends
Ten years ago, a study of the World Bank's projects [Williamson, 1991] "The legal recognition of property rights -that is, rights of exclusive use and control over particular resources -gives owners incentives to use resources efficiently.
Without the right to exclude others from their land, farmers do not have an incentive to plow, sow, weed and harvest. Without land tenure, they have no incentive to invest in irrigation or other improvements that would repay the investment over time.
Efficiency can be further served by making property rights transferable." (p. 86) "In most countries real estate accounts for between half and three quarters of national wealth. If ownership is widely dispersed, tenure is secure, and title transfer is easy, real estate can be good collateral for nearly any type of lending. Unfortunately, these conditions are not always met in developing countries. Land distribution is often skewed, tenure (if any) insecure, and title transfer cumbersome. One key to a smoothly functioning system of land tenure is land registers supported by cadastral surveys. In many developing countries these are still woefully inadequate or missing altogether." (p. 87) Over the last decade the focus of organisations such as the World Bank within land administration reform projects has been primarily on access to land, security of tenure and the operation of land markets. Simplisticly the focus has been on individual land owners, not usually on a wider land administration infrastructure unless as a response to this narrower objective. While these projects may have also considered environmental and sustainable development issues, the reality is that the focus has been primarily on the economic dimension of land administration reform. This view is confirmed by a review influenced by rural sector policies by Deininger & Binswanger [1999] of: "…the evolution of policy recommendations concerning rural land issues since the formulation of the World Bank's "Land Reform Policy Paper" in 1975. That paper set out three guiding principles: the desirability of owner-operated family farms; the need for markets to permit land to be transferred to more productive users; and the importance of egalitarian asset distribution. In the 25 years since that paper was published, these guiding principles have remained the same, but it is now recognised that communal tenure systems can be more cost-effective than formal title, that titling programs should be judged on their equity as well as their efficiency, that the potential of land rental markets has often been severely underestimated, that landsale markets enhance efficiency only if they are integrated into a broader effort developing rural factor markets, and that land reform is more likely to result in a reduction of poverty if it harnesses (rather than undermines) the operation of land markets and is implemented in a decentralized fashion. Achieving land policies that incorporate these elemsnts requires a cogent legal and institutional framework together with greater reliance on pilot programs to examione the applicability of interventions under local conditions."
The view is also confirmed by an overview of World Bank projects from an urban sector perspective by Galal & Razzaz [2000] in a World Bank paper titled "Reforming land and real estate markets".
As is the case in many developed countries, the focus of most land administration reforms in World Bank projects has been on either documenting or improving the administration of private rights. To a large extent this is because of the complexity in addressing national land administration reform, and as such the focus has not been on the development of national integrated land administration policies and infrastructures which incorporate both private as well as public rights. These projects have tended to exclude tenures concerned with common property, state lands, forest lands and other forms of property such as water rights from land administration reform projects. This focus on administering only private rights within national land administration systems has restricted those land administration systems addressing sustainable development objectives in an integrated manner at a state or national level. This is not a criticism of these projects since the economic driver has a high priority in developing countries and that it is only in recent years that the environmental and sustainable development priorities have gained greater momentum.
On the other hand, proposals for a more integrated and national approach to land administration should not come as a surprise, especially for developing countries. The reality is that many of todays developed countries went through a period of development not dis-similar to many of todays developing countries. Australia, Canada, the USA and New Zealand are good cases in point. In the early years of their development national integrated land administration strategies were central to government policy. Australian states (they were then separate colonies) usually had large Departments of Lands which were responsible for integrated colony wide land administration policies for both private and public rights. These departments managed the development of comprehensive land administration infrastructures showing all private and government lands, including reserves, forests etc. In the intervening years the need for these large government departments reduced as the tenure pattern stabilised and was fully documented. It is only in the last decade or so that the importance of an integrated state or national strategy has again risen in part as a response to the information revolution but also due to the need to manage the land resource in a more integrated manner. Suffice to say that there is a very positive historical justification for an integrated approach to land administration systems in developing countries. {heading 1}Bringing land administration and sustainable development closer together The relationship between land administration and sustainable development is not universally accepted and many would say in unproven. This situation is similar to that between land administration (and more particularly land titling of private rights) and the economic benefits of such initiatives two decades ago. Even though international instruments, such as Agenda 21, recognise the importance of property rights and land administration to some degree in supporting sustainable development, the relationship is not quantified. In general national environmental or natural resource management policies rarely mention "land", "land administration" or "property rights" (see for -to respond creatively to differing needs and desires for tenure systems that could deliver equity, whether to specific disadvantaged groups within or between nations; -to be expanded in order to provide information for land market activities, for public and private land management and for customary and informal tenures, in order to support sustainable development; -to the laws concerned with information in the land registration system which may need to be adapted to current technological developments, for instance, in order to facilitate electronic conveyancing; -to the statutory survey requirements on the location of pegs, boundaries and parcels to be adapted to more flexible circumstances depending on the character of the information and the use of the information for different purposes; and -to be re-engineered to accommodate other forms of information, which may not be parcel, based. {heading 1}Re-engineering land administration systems Unfortunately much change in the broad land administration area in many countries focuses on technology and does not take a broad view of land administration reform as identified by and as discussed above. It is useful to consider three related perspectives in implementing change in land administration. First is an appreciation of the global drivers for change, which were mentioned previously. Next is an analysis of the impact of these drivers on the design of land administration systems, and particularly the cadastral component, which results in the broader land administration and narrower cadastral environment from which new systems must evolve. This in turn identifies implementation issues with a focus on technical and administrative tools, which support these trends and developments, such as spatial data infrastructures and the Internet. All the changes proposed by the Bathurst Declaration can be categorised into these perspectives. The hierarchy of perspectives is shown in Figure   3 . This hierarchy is expanded in the framework for re-engineering land administration systems in Figure 4 .
In the framework in Figure 4 , global drivers impact on the whole social system, which comprises the re-engineering process. The framework shows that through a strategic planning process (including the use of rigorous case study methodologies), the vision of a new humankind-land relationship, together with the existing land administration system, results in the development of a conceptual land administration system. Through an implementation process, an operational land administration system is developed. Through benchmarking and feedback, the vision and conceptual system will be continually refined. Some of the key strategic planning and implementation issues within the reengineering process which are currently being researched by the author and his colleagues include the needs of evolving spatial decision support systems and SDIs, the impact of satellite positioning technologies on future SDIs, the spatial dimension of native title, the changing nature of spatial data infrastructures, understanding the business-infrastructure relationship in spatial information management, the use of the WWW and benchmarking processes for land administration systems (see http://www.sli.unimelb.edu.au/research/SDI_research/).
Two of the key steps in the re-engineering process, being the determination of the vision for the humankind-land relationship and the resulting conceptual land administration system, are discussed below.
{heading 1}Need for a national land administration vision
The development of a land administration vision for a country is an essential component of any re-engineering process. Land administration reform by its very nature is long term and as such there is a need for a clear road map to ensure that all developments and changes contribute to the overall vision for the land administration system for the country. Due to the complexity of land administration systems there is a strong argument for such projects to comprise "bite size" sub-projects which have a clear focus and often focus on administering one category of humankind to land (ie, individual private rights), [Kaufmann, 1998; Kaufmann & Steudler, 1998 ]. This was commissioned in 1994 by one of the Working Groups of Commission 7 (Cadastre and Land Management) as a 20-year vision. The final report was the result of a four-year process involving input from many countries worldwide. Cadastre 2014 recognises the changing relationship of humankind to land, the changing role of governments in society, the impact of technology on cadastral reform, the changing role of surveyors in society and the growing role of the private sector in the operation of the cadastre. Cadastre 2014 has made a valuable contribution to the understanding of future cadastral systems. However it did by design restrict its focus to cadastral systems and emphasised technological changes.
These examples of land administration visions show a trend for future land administration and particularly cadastral systems to take a broader and more integrated view than in the past. It is highly desirable that the components of land registration, cadastral surveying and mapping, planning and land valuation, and their role in the operation of land markets, should be considered as one integrated system where the common objective is sustainable development. A result of taking such a broad integrated approach is that all rights, restrictions and responsibilities, often overlapping (including both 2 dimensional and 3-dimensional interests), relating to land, should be considered in designing and managing a land administration system, as shown schematically in Figure 5 .
A key outcome of this review is the importance of a state or national spatial data infrastructure (SDI) as a key component of a land administration infrastructure. In developing an appropriate SDI such issues as the relationship between business users and the infrastructure, the relationship between spatial decision support systems and the SDI, the role of evolving communications technologies (Internet II, WAP, etc.), the changing roles of positioning technologies and their impact on the design of SDIs, the institutional requirements of SDIs and the identification of both private and public rights within the SDI, need to be considered .
Importantly the above approach includes many more interests than would traditionally be recorded in a cadastral or land registration system. This results in the multi-purpose cadastral concept which has been promoted for the last couple of decades but is only becoming a reality in recent times [McLaughlin, 1975 ; Panel on a Multi-purpose Cadastre, 1983] . Another outcome is the way that land administration is being viewed as an infrastructure to support sustainable development.
While these visions generally accept that there should be a range of different types of property rights maintained in a land administration system, such as private and public rights, common property, and leasehold, state and forestry interests, the visions require more detailed implementation strategies to be useful for specific countries. In undertaking land administration reform it is important to consider the factors that drive or affect the reform and the choice of the specific strategies adopted. These factors are many and varied which re-enforces the statement that the land administration system for each country requires its own individual strategy. On the other hand strategies can be developed using the "tool box" approach. That is each specific strategy and resulting system can be made up of many separate, well-understood, generally proven and widely Native Title Claim [Williamson, 2000] .
A Land Parcel
In designing a strategy, firstly it is important to recognise that almost every country will require a range of different strategies or tools depending on the relationship of humankind to land in each specific region in the specific country. In simple terms these arrangements include:
-Cities and urban areas, where active land markets operate on titled land or it is desirable that they operate; To some degree these categories are common to all developing (and many developed)
countries.
The second consideration is that the relationship of humankind to land is dynamic with the result that there is an evolution in the each of these categories. None of these relationships stay the same in the long term. They are affected by the impact of the global drivers on the relationship of humankind to land such as sustainable development, urbanisation, globalisation, economic reform and environmental management, as discussed above. As a result a different land administration response is required for each area or situation, within an overall national vision or strategy.
Third, the stage of development of the specific country has a major impact on the appropriate form of land administration response, and what is considered "best practice"
for the individual country [Williamson, 2000] . As an example, in simple terms in the While each country has different development priorities, those in each group do share some similar priorities. A complication is that many countries do not fit easily into these categories with some countries having aspects of all categories. But in general the stage of development overall of an individual country does significantly influence the choice of which land administration strategies or tools are adopted.
The combination of all these factors determine or at least strongly influence, the specific strategy or strategies adopted in reforming or establishing the land administration system.
These strategies draw on the land administration "tool box" for their institutional, legal, technical and administrative solutions. For all these arrangements there are a range of technologies which are again strongly influenced by the wealth and development of the country. For example whether titles or deeds and cadastral maps will be computerised or held as paper records or whether the Internet can be utilised to access land records.
Institutional arrangements are influenced by the same factors. Whether the system is decentralised, deconcentrated or centralised.
The level of education and training in a country is a major influencing factor. For example if a country such as Indonesia wished to have a land administration system supported by a land title and cadastral surveying system similar to Australia, this could possibly require 40,000 professional land surveyors and 30 or more university programs educating professional surveyors [based on Steudler et al,1997] . Clearly this is not realistic in the short to medium term and as a result this re-enforces the need to develop appropriate solutions matched to the stage of development and specific requirements of the individual country.
Recognising all these constraints, Williamson [2000] argues there are a range of "best This paper examines issues in re-engineering land administration systems to better meet future needs of society. The need for a vision, which incorporates sustainable development objectives and is based on a broader and more integrated approach, is argued. In order for countries or jurisdictions to work towards such a vision, a model for re-engineering land administration systems is discussed and a broad implementation strategy proposed.
The paper builds on the premise that the relationship between humankind and land in almost all societies is dynamic and influenced by global drivers, and that this dynamic relationship results in evolving land administration relationships. It also accepts that there is an increasing need for more complex and sophisticated decision-making world wide as a result of the sharpening tensions between human behavior and their worsening impact on the environment.
The paper then argues that most land administration projects undertaken by such organisations as the World Bank, have primarily focussed to date (almost by necessity) on issues of access to land, security of tenure and the operation of land markets. They have not usually considered the establishment of a wider national land administration infrastructure unless as a response to these narrower objectives. Their focus has primarily been economic as requested by the recipient countries.
While international and national environmental and sustainable development policies sometimes mention the importance of land and land administration in implementing their policies, mention is at best very limited. The result is that current land administration systems are still structured around a 19th Century economic or land market paradigm and support the implementation of sustainable development objectives poorly, at best. As a result the paper calls for land administration systems to be re-engineered to better meet sustainable development objectives.
The importance of a clear national land administration vision is highlighted as is the need for a more detailed national land administration infrastructure which is able to serve the many different humankind to land relationships found in all countries.
The proposed implementation strategy has tried to highlight the complexity and interdependency of issues in land administration, cadastral systems and spatial information management. The strategy also highlights the multi-disciplinary nature of land administration systems. The paper has endeavored to show that any land administration strategy at any level of government must take a broader approach than in the past by In summary, the paper proposes that sustainable development will be the focus for the land administration responses to the changing humankind-land relationship in the foreseeable future. This will demand sophisticated land administration infrastructures in order to support the necessary decision-making. These in turn will require support from more generic information technologies integrated with spatial information technologies that can process and package data that is of sufficient quality, accuracy, relevance and inter-operability to the decision-makers. Herein lies the challenge that needs to be tackled in developing the next generation of land administration systems.
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